Dysregulation of apoptosis by benzene metabolites and their relationships with carcinogenesis.
Benzene is a widely recognized human carcinogen, the effect of which is attributed to the production of reactive oxygen species (ROS) from its metabolites. Although there have been many reports on the relationship between DNA damage induced by benzene metabolites and carcinogenesis, only a report approached the subject by examining the benzene-induced dysregulation of apoptosis. Inhibition of apoptosis, aberrantly prolonging cell survival, may contribute to cancer by facilitating the insurgence of mutations and by creating a permissive environment for genetic instability. In this study, we examined the mechanism of antiapoptotic effects by benzene metabolites, p-benzoquinone (BQ) and hydroquinone (HQ), and their relationships with carcinogenesis. BQ and HQ inhibited the apoptotic death of NIH3T3 cells induced by both serum starvation and lack of an extracellular matrix (ECM). An antioxidant agent, N-acetylcysteine, significantly inhibited the antiapoptotic effects induced by benzene metabolites, indicating that the effects were mainly due to the production of ROS. Furthermore, BQ and HQ inhibited the in vitro caspase-3 activation, suggesting that the inhibition of caspase-3 activation due to ROS produced by BQ- and HQ-treatment was related to the suppression of apoptosis. The cells that escaped apoptosis could survive with the addition of serum and attachment to the ECM. Levels of 8-oxo-7,8-dihydro-2'-deoxyguanosine were higher in the cells which survived after BQ- and HQ-treatment than in the normal cells. Furthermore, the cells treated with BQ and HQ showed greater proliferation than normal cells under low-serum conditions and anchorage-independent growth in soft agar. These findings suggested that benzene metabolites induced dysregulation of apoptosis due to caspase-3 inhibition, which contributes to carcinogenesis.